& A crop yield and field performance mapping system for New Holland TC-56 rice combine harvester (RCH) for precision agriculture applications has been developed using LabVIEW. A Dewe-2010 PC data acquisition system has been used as a core unit to collect and store the real time field data from different sensors and a differential global positioning system to determine the exact latitude, longitude, and altitude of RCH. Modular software allows programming flexibility in developed hardware. The spatial information has been measured and recorded in real time field testing. Sensors have been calibrated in a laboratory under specific conditions, and excellent measurement linearity has been obtained for most of parameters. The crop and yield performance maps have been obtained in real time from the field tests conducted in Malaysia. These maps will be used in precision agriculture to improve areas of low yield and to improve productivity of rice.
INTRODUCTION
Modern technologies in sensors, communications, and computing have generated revolutionary new opportunities in the agricultural sector, where its applications are being practiced in precision farming, resulting in improved crop yield, high chemical application efficiency, improved farm records, increased profit margins, and reduced environmental pollution due to better management practice. The precision farming model given by Moore is defined as a farming system enabling maximum profit by making use of efficient inputs in which tillage, seed, fertilizer, and chemical operation are varied according to the yield potential of individual parts of the field. [1] Precision farming applications require a better understanding of variability in crop inputs and crop yield patterns over space and time before a new level of management system on the farm is adopted by farmers. The new system needs identification of the variance of crop input factors that affect crop yield within the field, and then a yield map needs to be prepared to quantify the consequences of the variation in the crop inputs that exist in a field. The success of precision farming depends primarily on the volume and availability of information with regard to the natural resources in the field. Precision farming involves two major derivatives, namely data logging for continuous measurement and monitoring, and data analysis to obtain spatial data and spatial models using traditional statistical techniques. Crop management decisions, which are normally made on a field-by-field basis, are based on site-specific differences within fields in a precision farming approach, and management actions are adjusted accordingly. For example, different locations within a field may receive different amounts of fertilizer based on extensive soil testing in precision farming. [2] [3] [4] [5] The combine harvester is a machine that harvests grain crops and is widely used in precision farming. It combines into a single operation a process that previously required three separate operations (reaping, binding, and threshing). Among the crops harvested with a combine are wheat, oats, rye, barley, corn (maize), soybeans, and flax (linseed). The waste straw left behind on the field is composed of the remaining dried stems and leaves of the crop with limited nutrients, which is either chopped and spread on the field or baled for feed and bedding for livestock. The combine harvester has an on-board computer for data logging, GPS yield measurement, cutting height and width sensors, loss measurement system, chaff spreader, straw chopper, header trailer, etc. Most combines have built-in data acquisition system, but they do not monitor all required parameters needed in precision farming at the same time. Thus a need was felt to develop a data acquisition system with all onboard sensors for online recording of various parameters in the field.
Data acquisition systems (DAS) have gone through several stages in their development from analog-based DAS to digital-based DAS with intelligence, and have now reached the stage of the virtual instrument (VI). [6] [7] [8] VI is the result of the close combination of modern electronics, transducers, instrumentation, and computer techniques. In recent years, with the extensive uses of the personal computer (PC), the interest in heuristic applications both regarding software tools for the development of VIs and the tools for the computer interconnection at great distance have increased steadily. A visual programming algorithm is created by graphically selecting and interconnecting the functional blocks available in the system-development library. [9] [10] [11] [12] The VI has wide applications in the fields of aerospace, communications, automobile engineering, and biomedicine. However, to our knowledge it has found very few applications in agricultural systems design.
Cereals, especially rice, are one of the main substances in Malaysian people's diets and poses as a strategic crop. Moreover, their consumption is increasing due to a sharp population rise, noticeable losses of agricultural crops, and improvements in nutrition qualitatively and quantitatively. Therefore, any kind of effort to increase its production through waste and loss reduction is important. This motivated us to develop an on-board instrumentation system for the combine harvester to determine the yield in a rice field.
In this article, we present an instrumentation system for continuous measurement and monitoring of field parameters while harvesting of the crop is taking place using a data acquisition system (DAS) and a real time location system, which can be obtained by using a differential global positioning system (DGPS). We describe the implementation of a LabVIEWbased instrumentation system on board a New Holland TC-56 rice combine harvester. The parameters monitored are grain loss, harvested crop yield, and combine operating parameters during harvesting operation with the ultimate goal of generating grain loss map and a crop yield map, and combining field performance parameter maps in a rice field for use in precision farming. The proposed system has the capability to measure almost all parameters needed for precision farming. Although commercial units are available to measure almost all parameters of interest at the same time, these are quite expensive. The motivation to develop such an instrumentation system in Malaysia was to gain expertise in integrating various sensors and to customize the instrument for specific crop yield mapping. This has an impact on indigenous manpower development in precision agriculture instrumentation. It was possible to modify the software in the field to meet the specific field contours.
CONFIGURATION OF THE VI SYSTEM
The combine or combine harvester is a machine that harvests grain crops. It combines into a single operation a process that previously required three separate operations (reaping, binding, and threshing). The system on board the rice combine harvester is equipped with the sensors to measure actual cutting width, header cutting height position, grain flow, grain moisture content, actual ground speed, theoretical ground speed, pitch and roll angles, engine fuel consumption and drive axle shaft torque, and grain losses from the combine during operation. A DGPS is integrated on the system to give the location of measurement. The locations of various sensors in the combine are shown in Figure 1 .
The block schematic of the VI system is shown in Figure 2 , in which a Dewe-2010 PC is used as the data acquisition system. LabVIEW software version 7.0 has been used for monitoring, processing, data logging, and storing of the performance signals. A Trimble AgGPS 132 DGPS is integrated to collect the geo-position of the rice combine harvester during field operation. The transducers for measuring header cutting width and position, true ground speed, grain moisture, and tilt have voltage output. It is connected to the system using a voltage isolation amplifier module (DAQP-V). The grain loss sensors and theoretical ground speed transducer outputs are varying pulse width or position signals. Pulse isolation amplifier modules (DAQP-FREQ A) have been used for signal conditioning. The grain flow and driving axle shaft transducers are strain gauge-based sensors. These transducers are connected to DAQP-Bridge B modules.
TRANSDUCERS
Combines are equipped with removable heads that are designed for particular crops. The standard header, sometimes called a grain platform, is equipped with a reciprocating knife cutter bar and features a revolving reel with metal or plastic teeth to cause the cut crop to fall into the auger once it is cut. Grain losses due to harvesting with a combine harvester are one of the main focuses regarding waste and loss control. For this purpose, Combine Harvester Instrumentation Systemreduction of losses due to the cutting platform of the combine, which comprise more than 50% of the entire harvesting losses, is one of the main and principle measures in decreasing combine losses.
It is essential for yield mapping equipment to ensure that the maps actually show the variations in the yield, and systematics do not alter the yield maps because the yield maps highly influence the decision-making process. There are two main errors that have been identified in many yield maps. These errors are the lag time between detachment and sensing of the grain (delay time), which offset the yield position along the route of the combine, and the unknown width of crop entering the header. [13] [14] [15] [16] [17] [18] [19] [20] The effect of delay time is discussed later in this article. The header cutting width is a major source of other errors. The cutting width is an important parameter because of unknown crop width, which might be present due to half the header in the crop and half in the already harvested crop. The cutting width may change during harvesting of grains, since it is difficult to keep the crop divider aligned with crop edge at all times. [13] Grain losses due to harvesting with a combine harvester are one of the main focuses regarding waste and loss control. For this purpose, reduction of losses due to the cutting platform of the combine, which comprises more than 50% of the entire harvesting losses, is one of the main and principal measures in decreasing combine losses. Error in cutting width measurements are reflected in yield measurements. [14] Several techniques have been used to remove the overlapping data. [15] [16] [17] [18] [19] [20] The sensors that have been used in combine are shown in Figure 1 . Complete system description for interfacing various sensors is given an article by House. [10] In this article, we will describe the interface of the cutting width, cutting height, grain loss, and grain flow sensors integration. The functionality and reliability of the developed instrumentation system have been tested in a harvesting operation with the combine harvester and the results are presented by Yap. [22] The calibration of the sensors has been carried out in laboratory conditions.
Header Cutting Width
Combines are equipped with removable heads that are designed for particular crops. The standard header is equipped with a reciprocating knife cutter bar, and features a revolving reel with metal or plastic teeth to cause the cut crop to fall into the auger once it is cut. It also incorporates transducers to measure the cutting width. The header cutting width transducer has ultrasonic displacement sensors, which consist of a piezoelectric transmitter and a piezoelectric receiver to measure the header cutting width. The transducers have been placed on each side of the combine header to measure the cutting width during field operation, as shown in Figure 3 . The actual cutting width, header cutter bar width, left guide to crop distance, and right guide to crop distance are W actual , W, W L , and W R in mm, respectively. The time taken between the transmission of an ultrasonic signal by transmitter and the reception of its echo by receiver is used to measure the cutting width. The time elapsed is measured by an internal clock within the sensor, and the target distance is given by
Combine Harvester Instrumentation Systemwhere T f is the time taken by transmitted pulse to cover distance D, k is a constant dependent on the sensor geometry, and V s is the velocity of sound in air. Two ultrasonic displacement sensors have been interfaced to the Dewe-2010 PC on board the combine ( Figure 3 ). If T fL and T fR are the time taken by the transducer to cover the distance W L and W R , respectively, we get the following:
The actual cutting width is obtained from the following equation:
The sensing range can be set between 200 and 2000 mm by using the setting plug included in the sensor. Omron EP4A-LS200-M1 ultrasonic displacement transducers have been used in actual implementation and have been calibrated using an Instron 5565 Universal Testing Machine.
Header Position Sensor
Header position determines the height at which the crop will be cut. If the crop is cut at too low a position, we will end up with lot of straw. If cutting it at higher level, it might not be possible to collect actual crop yield. It is important to have a header position for optimum cutting height. [15, 16, 19] A simple rotary potentiometer has been used as the header position sensor to measure the combine header cutting height position during field operation. As the header moves from its position, the rotary shaft also moves with it. Thus the voltage generated at the rotary terminal is proportional to header position. The sensor is mounted rigidly to the combine header with the 1 4 -inch rod and extension spring. The combine header has been pre-set to the ground to measure the initial voltage output of the sensor. Measurements on the sensor's voltage output and the header height were taken at different header position. The header position sensor is interfaced to the DAQP-V module of the Dewe-2010 PC on board the combine.
Grain Flow Sensor
The grain flow sensor determines the yield from a given field. An impact plate in which strain gauges are bonded in a Wheatstone bridge configuration is used as a grain flow sensor. The impact plate sensor is positioned at the top of the combine grain elevator, as shown in Figure 4 . It has been used to measure clean grain weight going into the combine grain tank at every second during field operation. The force of the moving grain on the impact plate is directly related to the weight of grain flowing through the clean grain elevator. The force is measured at every second interval by using a strain gauge bonded as load cell. Slight deformations of the load cell cause a measurable change in the resistance of the strain FIGURE 4 Grain flow measurement system. Grain flow is measured by monitoring the force on impact plate using strain gauge load cells (color figure available online).
gauge, altering the electrical current flow. The instantaneous yield is calculated using the following equation:
where Y is the instantaneous yield (kg=m 2 ), M is the grain flow rate (kg=s), W is the cutting width (mm), S is the actual travel velocity (km=h), and K is the conversion coefficient. The grain flow sensor has been calibrated using a custom-made conveyor. During the calibration, the sensor's RS-232 connector was connected to the DAQP-BRIDGE B module of the Dewe-2010 PC, and the sensor is rigidly mounted with its impact plate located at a distance of 45 cm from the conveyor end. The conveyor speed is pre-set to 2.3 m=s to represent the typical operating grain elevator speed of the combine. Measurements on the sensor's voltage output have been taken at 1 kg intervals.
Grain Moisture Sensor
The moisture content in the grain is another important factor. It will determine the storage capability of grains. A capacitive sensor has been used to measure the clean grain moisture content going into combine grain tank during field operation, as shown in Figure 5 . Due to moisture variation, the dielectric constant changes, which in turn changes the frequency of oscillation. Capacitance (C) is given by following equation:
FIGURE 5 Grain moisture content measurement. Capacitive transducer used to monitor change in permittivity due to change in moisture contents (color figure available online).
where C is capacitance, e r is the dielectric constant, D is the distance between plates (m), and A is the area of the plates (m 2 ). The dielectric properties of the harvested grain that flows between the two metal plates are evaluated in this setup. The dielectric constant of the grain is ratio of the capacitance with the grain to that of the capacitance of air (between two plates). The grain moisture sensor has been calibrated by using an oven dry method by weighing the samples before and after drying in an oven for 19 h at 130 C. The grain moisture (GM) content has been obtained by using the following equation:
GM
Grain Loss Sensor
During threshing operation, all the grains do not go through the grain flow sensor. Due to random motion of the grains, they are likely to fall outside the grain-flow sensor. It is desired to minimize such loss during threshing operation. The grain-flow sensor determines the loss in the grain. A piezoelectric microphone has been used as a grain loss sensor for measurement of grain loss from the combine rear through the cleaning sieves and straw walker during field operation. The impact of grain striking the plate produces a sound wave, which is transmitted through the liquid material due to the mechanical vibrations from the sensor plate. This is picked up by the microphones producing high frequency impulse output. It is possible to discriminate between the impacts of the grain kernels and straws on a sounding board from the shape and amplitude of the pulse. The total grain loss and the instantaneous grain loss is obtained from the following equations:
Total Grain loss ¼ GL ðSÞ þ GL ðSWLÞ þ GL ðSÞ þ GL ðSWRÞ ð8Þ
where GL (S) , GL (SWL) , and GL (SWR) are total grain loss detected at sieve, left straw walker, and right straw walker in grams, respectively; GL ins is the instantaneous grain loss in g=m 2 ; M is grain flow rate (kg=s); W is the header cutting width (mm); S is the actual travel velocity (km=h), and K is the conversion coefficient. The grain-loss sensor for has been calibrated using a custom-made conveyor. The measured average moisture of the grain used in this test was 12%.
The integration of other sensors used for measuring speed, tilt, fuel flow, and drive axle shaft torque is described by House.
[10]
CALIBRATION OF SENSORS
Static calibration techniques have been used to calibrate the sensors mounted on the combine in the laboratory. The sensors have been calibrated to determine the relationship between the measured value and the corresponding standard values realized by standard measured parameters under specified conditions. Typical calibration graphs for cutting height sensors, grain loss, sensors, and combine velocity sensors are shown in Figure 6(a, b and c respectively) . For example, in order to calibrate the grain loss sensor, known weight of grain was allowed to fall on the impact plate of the grain-loss sensor. Readings were taken for weight in the interval of 100 g up to 1 kg, and then the weight was increased by 500 g. The output voltage of the sensor was recorded for the corresponding grain weight. The calibration data from the grain-loss sensor has been analyzed using a Microsoft Excel spreadsheet to obtain the corresponding regression equation and is plotted in Figure 6b . There is a cluster of data for voltage up to 1.0 V due to small weight intervals of 100 g. The regression equations have been used in the LabVIEW program to give the actual readout for the grain loss sensor. Some of the calibration experiments were carried out in actual field conditions, e.g., cutting width sensor, and cutting height sensors. For grain loss sensor calibration, known amounts of grain were thrown on the [10]
SOFTWARE DEVELOPMENT
The graphical programming language LabVIEW version 7.0 has been used for software development to control and process the outputs from different sensors in the Dewe-2010 PC, where the file name is given as ABC.vi. It has been used for data logging, monitoring, processing, and storing of the desired signals from sensors and location signal from the differential global positioning system. The regression equation produced from the sensors' calibration data is programmed using the Formula Node or Scaling and Mapping function in the LabVIEW program. Further details are given by House.
[10] Figure 7 shows the typical front panel display during the harvesting operation. This display has been created by using the LabVIEW program. The display gives the data on lot size of field where measurement is being taken, the GPS data to indicate the location of combine, the field performance of combine, the yield from the field, and the grain loss. These data are updated regularly as the combine moves from one portion to another in the field. The Universal Time Coordinate (UTC) time and local time are recorded. The data on the combine, such as left guide to crop distance, right guide to crop distance, header cutting width, header cutting height, actual combine speed combine pitch, combine roll, fuel consumption, theoretical combine speed, and drive axle shaft torque are displayed. The grain moisture at clean grain elevator, grain temperature at clean grain elevator, total grain collected at grain elevator, and instantaneous yield are used for yield mapping. The loss is displayed using grain loss at sieve, grain loss at left straw walker, grain loss at right straw walker, total grain loss, and instantaneous grain loss. The differential global positioning system data such as latitude, north=south (N=S) indicator, longitude, east=west (E=W) indicator, position fix, satellites used, horizontal dilution of precision (HDOP), altitude, differential global positioning system (DGPS) station ID, and checksum are all recorded in real time. The output is importable into Excel (or any text-based editor) for further analysis.
RESULT AND DISCUSSION

Field Test Results
The field tests have been conducted at Lot 3168, Lot 3170, Lot 3172, Lot 3176, and Lot 3221, Sawah Sempadan Kuala Selangor in Malaysia to demonstrate the operation of the developed instrumentation system of the rice combine harvester under actual field operations. We have recorded 4465, 4516, 4552, 5089, and 4872 sample points in the system for each of the measured attributes for Lot 3168, Lot 3170, Lot3172, Lot 3176, and Lot 3221, respectively. Table 1 presents the field test results.
As observed, the average cutting height and cutting width were between 399 mm to 433 mm and 3968 mm to 4558 mm, respectively. The average combine pitch and roll angles were between À0.10 to 0.25 and 0.13 to 0.35 , respectively. The average instantaneous yield and instantaneous grain loss were between 0.383 kg=m 2 to 0.539 kg=m 2 and 0.0004 g=m 2 to 0.0019 g=m 2 , respectively. Some modifications on the grain loss sensor at the sieves were needed, because the sensor could not satisfactorily detect the grain loss at the rear of the combine harvester. However, we observed that there were not many grains that escaped from the combine harvester rear and fell on the ground during the harvesting operation.
Normally, the optimum time to harvest is when the grains have moisture content of 20-25%. The average grain moisture content was between 18.47-25.74%. Total grain collected for Lot 3168, Lot 3170, Lot 3176, and Lot 3221 were 6710 kg, 5600 kg, 7190 kg, 7400 kg, and 7800 kg. In order to obtain an accurate grain yield measurement, the grain flow sensor on the combine harvester has to be recalibrated in the field during the actual harvesting operation. Frequent field calibrations on the grain flow sensor were required to overcome the high variability in the grain properties in the field. The average actual combine speed and theoretical combine speed were between 4.62 km=h to 4.75 km=h and 5.21 km=h to 5.31 km=h, respectively. The average fuel consumption rate and drive axle shaft torque were between 364 g=min to 420 g=min and 0.402 kNm to 0.500 kNm, respectively. Combine track slippage is a major source for fuel loss. It also leads to rapid track wear and time loss, and reduces field efficiency. From the field test result, the combine track slippages were in the range of 10.48-11.99%, and the combine field efficiencies were in the range of 76.38-87.34%. A properly trained and well skilled combine operator could possibly maintain the field efficiency close to 100% and bring about savings in the fuel used. We can conclude from these results that the system performance was satisfactory.
Effect of Delay Time
Delay time is defined as the time lag between cutting time and sensing time of crop for a given measured grain parameter. The delay is due to the various processing stages the harvested crops undergo within the combine harvester. The extent of delay depends very much on the crop type, crop moisture, presence of foreign materials, and both the internal design and setting of the combine harvester. Delay time for yield is described as the time taken by the harvested crop to move inside the combine harvester from the true position where the crop is being cut to the point where the yield is being measured by the grain flow sensor. Similarly other delay time is defined for other parameters, i.e., grain moisture content, grain loss, etc. The delay time will be different at different combine speeds. Beal and Tian specified delay times of 10 to 12 s by the grain flow and grain moisture sensors in a combine. [21] The delay time of the various measurement parameters could be roughly estimated from the measurement data obtained from the associated sensors based on the time when the sensor sensed the first reading immediately after the combine harvester starts cutting the crop. Experiments were conducted to measure the delay time. The complete result is presented by Yap. [22] From our observation, the delay time for yields could not be identified for the five lots tested. It could be due to leftover straws and grains from the previous harvesting operation in the combine grain elevator, and due to this, the sensor immediately sensed the grain. The delay time for grain moisture content was 11 s at the combine actual speed of 4.62 km=h for Lot 3170 and 20 s at combine actual speed 4.65 km=h for Lot 3172. Similarly, delay times for Lot 3168, Lot 3176, and Lot 3221 cannot be identified from the graphs of moisture contents versus time due to the presence of leftover grain from the previous harvesting operation in the combine grain elevator. Conclusively, no specific trend could be generalized on the delay times for yield, grain moisture, and grain losses from this study due to insufficient data measurements. We have assumed a delay time of 12 s for our calculation in LabVIEW.
Effect of Offset Time
Offset time is defined mathematically as the difference in the linear distance between the combine header cutter bar position to the associated sensor position divided by the actual combine speed. The average ground speed measured was 4.5 to 4.7 km=h in different lots. The measured linear distances between the combine cutter bar and the grain flow sensor location, grain moisture sensor location, and grain loss sensor location are 3630 mm, 3800 mm, and 7055 mm, respectively. The average offset time ranges for the yield, grain moisture content, and grain losses were in the range of 2.8-3.0 s, 2.9-3.1 s, and 5.4-5.8 s, respectively, for all the lots. The offset time correction needs to be applied to the recorded yield, grain moisture content, and grain loss data sets to make sure that these attributes are mapped precisely at the appropriate locations.
Crop Harvested Yield Map, Grain Loss Map, and Field Performance Map
It was decided to develop a tool set to cover all aspects of planning, field-collection, and post-processing using ArcGIS and ArcPad software 388 Y. Y. Kin et al.
packages. These software packages allow the user to create quality sampling plan layers, navigate to features contained in this layer in the field, and collect attribute information on these layers based on instrument requirements. Moreover, it allows the user to download the sampled data layer to ArcMap and post-process the data for creation of high-quality maps for use. Figure 8 shows the cutting height map, cutting width map, combine pitch map, combine roll map, fuel consumption map, field capacity map, and field efficiency map for Lot 3168. The output files are x, y, and z points. The maps have been interpolated. For the same lot, the drive axle shaft torque map, grain moisture content map, grain moisture temperature map, instantaneous yield map, and instantaneous grain loss map are shown in Figure 9 . We have not encountered any GPS drop out, so it has not been taken into account in plotting these maps. It is possible to incorporate the GPS drop out by filtering the data when the GPS drop out occurs. Data recording when the combine is stationary is likely to give errors in maps. These could be corrected by filtering out the data when the combine is stationary. When the combine is not moving, the system will not record any movement and thus these data could be filtered out. No provision has been incorporated in the present system for when the operator reverses and GPS is still recording.
The variations for all quantities are quite visible from these maps. Visual observations of the maps show that the cutting height and cutting width ranges between 334 mm to 666 mm and 4189 mm to 4650 mm, respectively. The typical cutting height of a matured paddy plant should be about one-third of the plant height from the ground. For a typical paddy plantation, it should be approximately 350 mm. For combine pitch, the prominent area ranges were 0.1 to 1.5 and À1.4 to 0.0 , while for combine roll were 0.1 to 2.0 and À2.0 to 0.0 for all five of the lots tested. The maps indicate that the topography of the lots is almost flat with longitudinal slopes of AE1. 5 and lateral slopes of AE2.0 . The prominent areas covered for the combine actual ground speed maps were between the ranges from 4.1 km=h to 6.0 km=h. The operator's experience plays an important role in maintaining the combine harvester's speed. The recommended combine speed range in the ASAE D497 Agricultural Machinery Management Data (ASAE Standards, 2003) is 3.0 km=h to 6.5 km=h, and the typical speed is 5 km=h. At most times, the operator was able to operate the combine within the recommended field speed range.
Most of the grain moisture content area coverage for Lot 3168 and Lot 3221 was in the range of 20.1% to 22.0%, Lot 3170 and Lot 3172 were in the range of 22.1% to 24.0%, and Lot 3176 was in the range of 18.1% to 20.0%. Among the five lots tested, the grain moisture content for Lot 3170 is the highest because this lot was harvested about 2 h after it rained. The grain moisture content for Lot 3176 is the lowest because it was harvested late in the afternoon when the crop and land had dried slightly. Normally the time taken to finish harvesting one lot was about 2.5 h; the part that was harvested early on had the higher moisture content compared to the part that was harvested later for each tested lot because the crop and land had dried. As observed, the grain temperature was in the ranges of 20.80 C to 20.95 C and did not show much variation between the five lots tested. Maps of crop yield, grain loss, and field performance were successfully generated to visually indicate the site-specific variations of the measured attributes within the field lots and at the same time correlate these spatial variations with the variations of other measured attributes. These maps were able to provide information to the farmer detailing the yield profile of the field, but they were not able to provide information on the reason for yield variations. The farmer must use a combination of local knowledge and other sources of data to interpret the maps to make optimal crop management decisions to improve the profitability of the field. The complete integrated instrumentation system is now ready to be used for the rice precision farming study.
CONCLUSION
A crop yield and field performance mapping system using Dewe-2010 PC data acquisition system (DAS) for the New Holland TC-56 rice combine harvester was successful designed and developed. The LabVIEW program was used for data logging every second of harvest, monitoring, processing, and storing the performance signals from sensors. The complete integrated instrumentation system on board the rice combine was capable of measuring, monitoring, and recording in real time the combine actual cutting width, header cutting height position, grain flow, moisture contents in grain, loss of grains, combine actual ground speed, combine theoretical ground speed, pitch and roll angles of the combine, fuel consumption of the combine, combine drive axle shaft torque, and combine geo-position in the field during harvesting operation. The static calibration technique was used to calibrate all the sensors. The static calibration tests on the designed sensors showed excellent measurement linearity (correlation coefficient close to 1). During the field testing, the spatial information has been measured and recorded in real time. It has been found that all sensors have been correctly installed and have been able to scan, measure, display, and record using the data acquisition system during the field operation.
Maps of crop yield, grain loss, and field performance have been successfully generated to visually indicate the site-specific variations of the measured attributes within the field plots and at the same time correlate these spatial variations with the variations of other measured attributes. These maps have been able to provide information to farmers detailing on the yield profile of the field but does not provide information on reason for yield variations. Farmers have to use a combination of local knowledge and other sources of data to interpret the maps to make optimal crop management decisions to improve the profitability of the field. The complete integrated instrumentation system is now ready to be used for the rice precision farming study.
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